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Sudden Death in a Pediatric Cardiology Population, 1958 to 1983:
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ARTHUR GARSON, JR., MD, FACC , DAN G. McNAMARA, MD, FACC
Houston, Texas
This review of sudden death in patients previously seen
in a pediatric cardiology clinic attempts to identify fac-
tors that may have been predictive of sudden death. The
denominator for these factors is unknown. For example,
the number of patients with these possible risk factors
who have well tolerated arrhythmias is not known. Fur-
ther studies are planned to document the incidence of
these factors in patients with similar lesions whom we
continue to follow up.
The following conclusions can be drawn from the
study: 1) More than three-quarters of the patients who
died suddenly had severe limitation of activity, cardiac
enlargement on chest radiograph or poor hemodynamic
status at cardiac catheterization. 2) The majority of pa-
tients who died suddenly had an arrhythmia in the 12
month period before death. Asignificantnumber of these
Sudden death, when it occurs in a child, is most often
associated with cardiac disease. In 1974, Lambert et al. (I)
reported the data from a cooperative international study of
death from cardiovascular disease in children. The majority
of these patients had not had cardiac surgery, and four
different congenital anomalies accounted for more than half
of the deaths: congenital aortic stenosis, Eisenmenger's syn-
drome, tetralogy of Fallot and hypertrophic obstructive car-
diomyopathy. In the last 10 years , with increased duration
of follow-up since operations performed in the 1960s, it has
become apparent that sudden death also occurs in patients
long after presumed successful repair of congenital heart
disease , often in patients with arrhythmias documented on
routine postoperative examination (2- 7) .
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arrhythmias developed for the first time in the year be-
fore death. 3) The presence of arrhythmias was generally
related to poor hemodynamic status in patients who died
suddenly. 4) Most sudden deaths occurred with the pa-
tient at rest and only approximately one-quarter oc-
curred during participation in sports. 5) Each cardiac
diagnosis had its own specificprofile of types of arrhyth-
mias. 6) Conspicuously absent from the list of diagnoses
were children with a normal heart and children with
mitral valveprolapse. 7) With improvement in treatment
practices (more aggressivedrug treatment of ventricular
arrhythmias and more aggressive pacemaker treatment
of bradyarrhythmias in the last 5 years), the incidence
of sudden death at this institution has been reduced sig-
nificantly from that in previous years.
(J Am Coil CardioI1985;5:134B-137B)
The purpose of this study was to determine the charac-
teristics of patients registered in our clinic during the past
25 years who died suddenly and to identify the possible
predictors of sudden death. We also considered the possible
protective effect against sudden death that antiarrhythmic
therapy may provide. Therefore , our study differed from
that of Lambert et al. (1) in two major ways: I) we included
all patients seen in our clinic, not just those with documented
cardiac disease, and 2) our study was undertaken at a time
when there was a relatively longer follow-up period for
patients who had undergone intracardiac repair of congenital
cardiac defects than that of the studies in the 1960s and
1970s,
Methods
Patient selection. The records of all patients seen in the
Section of Pediatric Cardiology at Texas Children's Hospital
who died suddenly in the 25 year period between 1958 and
1983 were reviewed . Cases were included in the study if
the sudden death met the following criteria : I) age I year
or older at the time of death, 2) occurrence of a sudden
event that rendered the patient unconscious until death, 3)
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occurrence of this sudden eventoutside the hospital, and 4)
absence of acute illness immediately before sudden death.
Patients were excluded from this study if they had had
cardiac catheterization or cardiac surgery within I month
before death.
Definitions. Certain definitions were used in the gath-
eringof the data. The New YorkHeartAssociation criteria
for symptomatic status were used. Cardiac catheterization
hemodynamic findings were classified as: I) excellent =
normai hemodynamics; 2) fair = abnormal hemodynamics
requiring neither medical nor surgical treatment; 3) poor =
hemodynamics that would require eventual operative inter-
vention or, if inoperable, subpulmonary ventricular pressure
of two-thirds systemic or end-diastolic pressures greaterthan
1.5 timesnormal; 4) pulmonary hypertension = pulmonary
artery peak systolic pressure beyond any stenosis of at least
two-thirds systemic pressure or greater. The presence of
arrhythmia was ascertained from a review of routine elec-
trocardiograms at rest takenduringtwotimeperiods: I week
to I yearbefore sudden deathand I to 2 yearsbefore sudden
death. Twenty-four hour electrocardiograms were not used
since therewere insufficient data on thesepatients to permit
adequate comparison.
In defining the cause ofdeath, a "probable arrhythmia"
was assumed to have occurred if at the time of the sudden
event, an electrocardiogram was obtained or if the patient
hada previous episode of a documented arrhythmia causing
syncope and the event leading to sudden deathhad a similar
history. A "possible arrhythmia" was designated if a prior
history of arrhythmia in a high risk category could be ob-
tained in a patient in whomthe exactarrhythmia at the time
of death was not known, for example, in a patient with
Table 1. Sudden Death in 101 Cardiovascular Patients (Texas Children's Hospital,
1958 to 1983)
Diagnosis
Unoperated congenital heart disease (36)
Left to right sliunt with pulmonary hypertension
Tetralogy of Fallot/pulmonaryatresia + VSD
Cardiomyopathy
Aortic insufficiency
Hypertrophic obstructive cardiomyopathy
L-transposition of great arteries
Aortic stenosis
Aortic aneurysm
Hypoplastic coronary arteries
Myxomatous mitral + tricuspid valves
Unoperated, acquired heart disease (7)
Primary pulmonaryhypertension
Acquired cardiomyopathy
ProlongedQT interval (5)
No congenital heart disease
With congenital heart disease
Palliated congenital heart disease (17)
Right to left shunt, po AP anastomosis
Transposition, po Blalock-Hanlon
Left to right shunt, po PA banding
Postoperative repair-congenital heart disease (36)
Tetralogy of Fallot, pulmonary atresialVSD
AV camillVSD
Transposition, po Mustard operation
Transposition + VSD, po Mustard operation + VSD
Aortic valve replacement
Mitral valve replacement
Tricuspid valve replacement
ASD, primum
Hypertrophic obstructive cardiomyopathy, po myotomy
Patent ductus arteriosus (with CCAVB)
No.
II
7
5
3
3
2
2
I
I
I
4
3
4
I
12
4
I
II
5
5
4
4
3
I
I
I
I
Numbers in parentheses are total number of patients. ASD = atrial septal defect; AP = aortopulmonary;
AV = atrioventricular; CCAVB = congenital complete atrioventricular block; PA = pulmonary artery; po
= postoperative; VSD = ventricular septal defect.
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postoperative tetralogy of Fallot with previously docu-
mented ventricular arrhythmia or a patient with known brady-
arrhythmia after the Mustard operation.
Results
Diagnosis and diagnostic category (Table 1). Of the
981 deaths that occurred in patients in the last 25 years ,
101 (9%) were sudden. The eight most common diagnoses
in these patients were , in decreasing order of frequency 1)
right to left shunt, postoperative systemic to pulmonary
artery anastomosis (12%) ; 2) originally left to right shunt
with pulmonary hypertension or Eisenmenger's syndrome
(11%); 3) postoperative tetralogy of Fallot (11%); 4) un-
operated tetralogy of Fallot (7%); 5) congestive cardio-
myopathy (5%); 6) postoperative complete atrioventricular
(AV) canal (5%) ; 7) postoperative Mustard operation for
transposition of the great arterie s (5%); and 8) prolonged
QT interval (5%) . These eight diagnoses were present in
61% of the patients. Each of the other diagnoses were pres-
ent in 4% or fewer of the patients.
No patient in this group who died suddenly had a normal
heart . All of these patients , since they were seen in a pe-
diatric cardiology clinic at least once, were thought to have
heart disease. Nonetheless, no patient discharged from the
clinic with a diagnosis of a normal heart subsequently died
suddenly.
Clinical information. Of the WI patients, 86% had been
seen in the Pediatric Cardiology Clinic within I year before
death . The clinical functional status was class I to II in 28% ,
class III in 49% and class IV in 23%. Therefore, 72% of
the patients were thought to have been in only fair or poor
condition at the time of their last clinic visit. On chest
radiography at this last visit, 87% were found to have had
cardiac enlargement. The hemodynamic findings had been
assessed at cardiac catheterization in 75 of the 101 patients.
This was performed an average of 2.3 years before the
patient's death; 89% of these patients had catheterization
performed less than 5 years before death . The hemodynamic
status was excellent in 6%, fair in 5% and poor in 46% ;
43% had pulmonary hypertension. Therefore, in 89% of the
patients , a severe hemodynamic abnormality was present.
Overall , more than three-quarters of the patients who died
suddenly in this series were either severely symptomatic ,
had an abnormal chest X-ray study or poor hemodynamic
status at cardiac catheterization .
Arrhythmias. A routine electrocardiogram taken be-
tween I week and I year before the patient's death was
available in 86 patients. Of these patients, 57% had an
arrhytlunia: 20% with premature ventricular complexes, 14%
with sinus bradycardia or junctional rhythm, 11% with com-
plete AV block (half with pacemakers implanted), 9% with
premature ventricular complexes combined with another ar-
rhythmia (5% junctional rhythm, 2% atrial flutter, 2% com-
plete AV block), 8% atrial flutter, I% supraventricular
tachycardia and I% ventricular tachycardia. Only 43% of
the patients had no arrhythmia.
There was a low incidence of arrhythmias «25%) in
the patients with Eisenmenger's syndrome and those with
either unoperated or only surgically palliated tetralogy of
Fallot. In all of the other major diagnoses , more than 50%
of the patients had arrhythmias in the year before sudden
death . All of the postoperative patients with tetralogy of
Fallot had arrhythmias (80% premature ventricular com-
plexes, 10% junctional rhythm , 10% complete AV block) .
All of the patients after the Mustard operation had arrhyth-
mias (50% atrial flutter, 25% junctional rhythm, 25% pre-
mature ventricular complexes); 75% of the patients with
postoperative AV canal had arrhythmias (all complete AV
block); 75% of the patients with long QT interval had ar-
rhythmias (50% junctional rhythm , 25% premature ventric-
ular complexes) and 60% of the patients with cardio-
myopathy had arrhythmias (40% premature ventricular
complexes, 20% atrial flutter) .
The presence of arrhythmias was related to poor hemo-
dynamic status at cardiac catheterization. An arrhythmia
was found in 11% of those with good hemodynamic status
compared with 50% of those with poor hemodynamic status
(p < 0.01 ).
The arrhythmias present 2 years before sudden death
were compared with those present within 1 year before
sudden death. In the electrocardiograms of patients taken 2
years before sudden death , arrhythmias were present in only
42% of the patients. Therefore, a significantly higher (p <
0.05) proportion of patients had arrhythmias in the 1 year
before death than in the 2 years before death, implying
that the arrhythmia developed shortly before sudden death.
This does not necessarily imply that the arrhythmia caused
the death, only that the development of an arrhythmia was
associated with later sudden death .
Circumstances of death. The activity of the patient im-
mediately before sudden death was known in 46 of the 101
cases . Sudden death occurred in 22% during participation
in sports , in 50% with the patient awake but not active and
in 28% with the patient asleep. The activity at the time of
death was reviewed with respect to the type of defect that
the patient had. Neither the group with Eisenmenger's syn-
drome nor the patients with uncorrected tetralogy of Fallot
died suddenly during physical activity , probably because of
a lack of exercise tolerance . Among these two groups of
patients , 67% of the patients with unoperated tetralogy of
Fallot died in their sleep, whereas all the other patients with
either tetralogy of Fallot or Eisenmenger's syndrome were
awake but sedentary at the time of death. The activity at
the time of death was reviewed for patients with other major
diagnoses : 1) postoperative tetralogy of Fallot, 28% died
during participation in sports, 14% during sleep and the
remaining while sedentary; 2) Mustard procedure, 50% died
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during participation in sports and 50% during sleep; 3) post-
operative AV canal, all sedentary; 4) cardiomyopathy, 50%
during participation in sports and 50% during sleep; and 5)
long QT interval, 67% during activity, none during sleep.
The mean age at death was 12.4 years (range 1 to 30).
In postoperative patients, sudden death occurred an average
of 4.5 years after surgery (range 2 months to 18 years). A
presumed cause of death was identified in 53 of the 101
patients: arrhythmia in 62% (probable 32%, possible 21%
and pacemaker implanted but arrhythmia not documented
in 9%), bacterial endocarditis in II %, cerebrovascular ac-
cident in 9%, pulmonary embolus in 8%, aspiration in 4%,
penicillin anaphylaxis in 2%, hemoptysis in 2% and aortic
aneurysm dissection (Marfan's syndrome) in 2%.
Historical comparison. We compared the incidence of
sudden death in our patients in the successive 5 year periods
since 1964: 1964 to 1968 (0.92%), 1969 to 1973 (0.43%),
1974 to 1978 (0.54%) and 1979 to 1983 (0.27%). Com-
paring the last 5 years with the preceding 5 years or with
all preceding years, there has been a statistically significant
decrease in sudden death (p < 0.01).
Within the last 5 years, there have been two major changes
in the management ofarrhythmia: aggressive drug treatment
of premature ventricular complexes and aggressive pace-
maker treatment of bradyarrhythmias. In the last 5 years,
none of the 18 sudden deaths occurred in patients with prior
ventricular arrhythmias, whereas 16 of the 69 sudden deaths
in the previous 20 years occurred in patients who had ven-
tricular arrhythmias (p < 0.05). Since 1978, one sudden
death occurred in patients who had had repair of tetralogy
of Fallot and this was due to a documented pacemaker failure
in a patient with surgical complete AV block. Since 1977,
there has been no sudden death in a patient after a Mustard
procedure for transposition of the great arteries.
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